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INVESTIGATION OF PARAMETERS ESSENTIAL FOR 
MANNED SPACE FLIGHT OPERAT w54 8*4949- - 

1. E f f e c P o f  Elevated Levels of Carbon Dioxide i n  the  Spacecraf t  
Atmosphere. 

The purpose o f  t h i s  research  was t o  obta in  more d e f i n i t i v e  da t a  
r e l a t i v e  t o  prolonged exposure t o  ambient Pco2 l e v e l s  of 23 mm Hg a t  
two d i f f e r e n t  barometric pressures .  The i n i t i a l  phases of t h i s  re- 
search were conpleted p r i o r  t o  rece ip t  of t h i s  PR and a por t ion  of 
the r e s u l t s  w a s  presented a t  the  1963 annual meeting of t he  Aerospace 
Medical Association. A copy of t h i s  paper i s  included f o r  your perusa l .  
Analysis of e l e c t r o l y t e  s tud ie s  in  regard t o  t h i s  r e sea rch  i s  i n  pro- 
g r e s s  and the da ta  w i l l  be forwarded t o  you when it i s  ava i l ab le .  

2 .  Effec t  of Vent i la t ing  A i r  Flow on Water Requirements. 

Equipment i s  being ordered and designed f o r  t h i s  area of research .  
The test  device should be assembled during the  next qua r t e r  and check- 
out should begin sho r t ly  the rea f t e r .  

3 .  Oxygen Toxic i ty  Studies  on the Hormonal and Metabolic Mechanisms. 

L i t e ra tu re  pe r t inen t  t o  the  e f f e c t  of high oxygen p a r t i a l  p ressure  
on enzyme systems i s  being reviewed. Work has s t a r t e d  t o  develop c e r t a i n  
enzyme procedures i n  our labora tor ies  and add i t iona l  equipment ordered. 

4 .  Examination of Respiratory Requirements and To ta l  Water Balance 
i n  a Sealed Environment. 

Work has continued on the  mounting, instrumentat ion and checkout of 
A C02 co l l ec -  t he  molecular s ieve  and i t s  associated vacuum equipment. 

s u i t a b l e  chamber becomes ava i lab le ,  t h i s  w i l l  be i n s t a l l e d  and exper i -  
mental da ta  obtained. 

- t i o n  system has been devised and is being checked out .  A s  soon as a 

5. Trace Contaminant Area Gas Chromatography. 

Attempts are being made t o  improve the  e x i s t i n g  devices  by increas-  
ing t h e i r  s e n s i t i v i t y  t o  CO. This i s  being done by developing a Karman- 
type ion iza t ion  de tec to r  f o r  on-hand chromatographs. Chambers have been 
designed t o  be used as mixing devices f o r  the  prepara t ion  of s tandard 
mixes f o r  I R  spec t r a  determination. 



6 .  Development of a Rel iab le  Gas Analyzing System f o r  Oxygen and 
Carbon Dioxide. 

A bread-board prototype of a non-dispersive I R  device f o r  C02 
ana lyses  has been fabr ica ted .  This device u t i l i z e s  no moving p a r t s .  
At presen t ,  f u l l - s c a l e  de f l ec t ion  has been achieved a t  approximately 
t e n  percent C02. The next s t e p  i s  t o  achieve f u l l - s c a l e  d e f l e c t i o n  
wi th  f i v e  percent  C02 and t o  s t a b i l i z e  the  base l ine .  

1 Atch 
Paper e n t i t l e d  "Human I 
Response t o  Carbon Dioxide , 

Rich Atmosphere 
i n  the  Low-Pressure, Oxygen- 1 
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requires further dtudy and definition of talctame l.',.idte, thougn tho 

present dcsigr. l j rdta  estebljshed for noslnel operation (3-7 rn IIg Pcoh) are 
well within hunan tolerance. 

operate more efficiently at hi$cr COS concentrations, i5ie FosslSilLty of 

mechanical failure oE the CQ T-VZL~ a y s t e ~ ~ a  and the probability of iuczasucd 

CO2 levels resul t ing  from overloads on the CO2 tec~va1  systex during rzrsdezvous 

flights and emcrgtnciss, all errempliry the rreed for accurate, thorozg'n 3C;Iwledge 

L 
1 J  
I .  i 

l'to u t i l l z - t i o a  of Cg2 rcioving cystemts wSlc'n 

2 

of htman tolcrance limits for CO in variotrs s~acccrsft nmspherea .  a 
Tolerance to  chronic exposure t o  CG2 in the 8ca level  atmspkere has 
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a five hour rest period. 

Inspiratory misnta v01-m (VI) vc33 ccasard in crqarirerrt 62-6 using B 



with  syr inges lubr ica ted  with sa tura ted  L i C l  and were then analyzed. 

I n  experiment 62-6 t h e  oxygen and carbon dioxide content  were deter- 

mined by t h e  Scholandcr micro-gas aaalyzcr.16 In  e v p e r h e n t  63-1, t hese  

gao contents  were dcternincd oa the Bcchan E-2 oxygen analyzer and the 

Liston-Becker-l i n f r a red  carbon dioxide snalyzcr. Cmparable  r e s u l t s  were 

obtained in each case. 

Fron these s t u d i e s  f u r t h e r  der iva t ions  could be ca lcu la ted .  Dead 

space (V,) was calculated fron t hc  Bohr E p a t i o n .  C02 product ion ( f ~ o ~ ) ~  
02 consumptiolz ( d o 2 ) ,  and alveolar v e n t i l a t i o n  were calculated by eqru t ions  

presented by Ptahn. 11 

The respiratory studies for the e i g h t  sub jec t s  were then  subjected 

t o  a repeated meanuremcnt-type of ana lys i s  of var iance,  and the  s ta t is t ical  

s ign i f i cance  of differences occurring i n  the C02-rich atmospheres w a s  corn- 

putec?, 

Elood Studies .  Venous smples were collected anaerobica l ly  near ly  

every day. 

made by I n s t r m e n t a t i o n  Laboratories,  Inc, 

Analyses of p!i and PCo2 were made using pH and P e lec t rodes ,  co2 
The pIi values  were then r eca l -  

culated t o  that value corresponding t o  a Pco2 of 43 mm Hg using t h e  

Henderson tZE!sselbzlch equat ion modified as follows: 

pH 4- ApH = pH + log ( E C O ~ )  -!! 2.54 (I-%) (/-pH) I c . O N 1  pCO2 

where ApH = t h e  change i n  pH 
Hb mill imoles  of henoglobin / l i t e r  of blood 

2.54 Q f a c t o r  of buffer capaci ty  of hmoglobin (-2,541nM H C O ~ / ~ ~ /  
pH u n i t )  

pK - 6.10 

The c a l c u l a t i o n  permits eva lua t ion  of acid-base balance i r r e s p e c t i v e  of 

hyper- o r  hypo-ventilation. The derived values ,  of course,  must be viewed 

as approxbmtions.  
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After four  days exposure of the subjects t o  each a r t i f i c i a l  

atmosphere, arterial smples were obtained by >rachial artery 

puncture. Analysis of Po, was rude without delay by means of 

Clark electrode and the 

t he  same fashion as for 

-L .  

pR and pC02 were neasured and t r e a t e d  in 

the  venous blood, End t i d a l  alveolar 

saxples were d r e m  a t  t h e  t i y e  of arterial puncture by the Rahn 

saxplcr f o r  aaslysis of alvoolar gas.  It was t hus  poss ib le  t o  

cmputa  a l v e o l a r - a r t e r i a l  oxygen ~radica ts .  

F.?",SU,TS 

9ukject!cv!c? ?,n,?onses. Thozgh the suSjccts were not  t o l d  when 

COz was nddcd t o  t h e  ntmsphcre ,  t h e i r  acu i ty  'was augmented by t a l k -  

fng t o  each other .and they tnxe not oblivious to chax?.ges i n  gas 

in jec t ion  pa t t e rns  on the incidc of the  ck inLc r  necessary t o  a l t e r  

the  chria3er at;llosphcres. I n  s p i t e  of such c lues ,  one subject (27) 

thought C02 not t3 be elevatcd at a l l  at  7G3 LLX IQ. 

(25) suspected C02 elevation one day previous t o  it6 a c t u a l  i n t r o -  

duct ion a t  230 m E%. 

Another sub jec t  

Airareness of hypervent i la t ion was the most he lp fu l  physiologic  c lue ,  

and seven sub jec t s  (21, 22, 23, 24, 25, 26 and 28) noted this  syiuptm, 

p a r t i c u l a r l y  i n  the f i r s t  two or  three  day8 of each C02-rich atmosphere. 
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Thereaf ter  they bccme icss a~7are of I iypcrvca t i la t ing  cxccpt f o r  sub jec t  

22 liho i?aa equally mare of i t  throughout thc Cour days of CO - r i c h  

atnosphcre exposure. 
2 

Sone subjects notcd h y p e w e n t i l a t i o n  only i n t c r -  

n i t t c n t l y  during certain ac t iv i t i e s ,  such os vhcn i n  bed (21 and 22) or 

while s i t t i n g  vork:lng at the  peychoinotor panel i n  t h e  evciiings (23 and 24), 

or  vhca f a t igued  (25, 26, 27 and 23). Tl;is vzriable mareness of hyper- 

ventilating l e d  subjcc ts  t o  suspect t h a t  CO 

c 1 cvatc d 

levels were ii i terL:it tcntly 2 

Tingling and nu.T.bi1>33 02 the c x t r s  i . . t l 2s ,  syixptoas suggestive oLc 

cxcccsivi: l ~ y p c ~ v c n t ~ l z t i o n  resh2tinS i n  h;pacqnin, 1:erc seen on one 

occasion i n  t r o  sub>ccts (25 cix? ?C) c k i n ~  thc f i r s t  dzy of CO, enrich-  

(11: 738 c;;i :Io. 

L. 

Subjec t  23 also no t sd  l r ~ h t  hca2d:.ilo,ss a t  tha s a c  

t i C - 2 ,  

Onc suLjcct ( 2 3 )  devclopcd a kcadache on t1.c Zirst day of exposurc 

Five cabjccgs (71, 22, 25, 27 t o  the C02-z-ich at;:os$icro a t  703 mx 11,. 

and 28) developed headaches on thc first day oE exposure t o  t h e  l o w  

pressure, CO.,-rich aknosphere. 

i n t c m i t t c n t :  hcsdachcs f o r  the next tvo  dcys. 

and generally l a n t c d  fo r  one or  two hours. 

during tIic low COX pcr iodz ,  

Three (21, 22 arid 25) of the f ive had 
I 

The headaches were mild 

No headaches were reported 

Insp i r a toqJ j inu tc  Voltmc (til, Figure 1 slior~s t h e  day-to-day 

avcrages for t he  e ight  subjects,  

apprec iab le  c h a n p  f ron  the  pre-experinentcl  con t ro l  values t o  the 700 ~m 

Hg, l o r ~ - C O ~  atciosphcrc, llowcver, upon add i t ion  of CO 2, VI i i tcrcascd and 

remained e leva ted  throughout t h e  four  day C02-rich per iod rrith no upircrrd 

or  d a a q a r d  trend. 

re turned  t o  baseline values. 

7 

It  caa be sccn t h a t  t h w 3  rras no 

. 

Upon return to San Antonio anbicn t  nFc:osphere, 



Tliroughout the lO:3-CO2 293 rn IIg atcosphcre, fou r  of t h c  subjects 

( 2 5 ,  26, 27 and 2s) dcr?onstrated noJer2tc hyperventilation, raising the 

averages c?urinZ t h a t  per iod t o  soxmhat  higher than c o n t r o l  values.  

upon add i t ion  of C02 t o  thc atr~osphcre 

Again, 

i n c r c x c d  rxrkcdly.  

Four-day averages for a l l  e i g h t  sub jec t s  are tnbuliltcd in Table SI. 

It can be seen that: althoush subjects began with moderate hype rven t i l a t ion  

i n  t h c  200 m 132 l m ~ C 0  atlciosphcre, t h e i r  

C02, T ~ S  ncarly the sane as in the  700 TXI E!: atmosphere, 

increrAent, on add i t ion  of 
2 I 

. 
Analysis of var iance  of t h e  V valucs ind ica ted :  

1.. A highly s lgn i f i ca i t t  increase  i n  I q o n  addikon of: C02, (P<,001). 
1 

2.. A posszbly s l g n i f l c a n t  illcrease i n  V dtie t o  the lovcr pressure I 

alone, (P < . O ? f ) .  

3 . ,  Pia s Iga5f i can t  chances bet-cieh tlie pre- and post-experimental 

values,  

W l v ~ o l ~ ~  Cnrborz Dfoxide (PAC-$. Figure 2 shorn t h e  day-to-day 

Chmgcs i n  alcvcol~ar carbon dioxide averages for the e ight  subjects .  

corresponded t o  changes i n  inspiratory r:rinute volume. 

upoil add i t ion  of C02 and dccreascd when C02 was renoved. 

significant upward o r  dmimrmrd trends during the C02 exposure per iods .  

P A C O ~  increased  

There were no 

Four-day tlvernges fo r  all eight subjccts are tabula ted  i n  Table 111. 

Corresponding t o  the  r e l a t l v c l y  greater  v e n t i l a t i o n  during both phases 

at 200 rm Elg,P~co~ was r e l a t i v e l y  less during both phases at that  pressure .  

Ho;icver, the  PCo2 incrcncnt  on addi t ion  of C09 m s  near ly  t h e  s m c  at 

200 m €It; as at 700 mn Bg. 

.- 

Analysis  of var iance  of thc P - 4 ~ 0 ~  values  ind ica ted :  
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1. 

2. 

3. 

A hi;hly s i g n i f i c a n t  increase i n  Pi-co.; upon a d d i t i o n  of COz. 

No s i g n i f i c a n t  day-to-day t rends wi th in  any four-day period.  

A c i y t i f i c a n t  decrease i n  Pkco2 assoc ia ted  wi th  the  lwer  

- 

pressure  (p(.005). 

4. Possibly s iSniEicant  decrease i n  the post-experimental  PACO~ 

values  cczipsred wlth t hc  prr-cirperimnt P 1 values. 

O t h r  l?csv!rntory Studies, I n  Table N it can be seen t h a t  r e sp i r a -  

tory rate chanzed m l y  slicb&ly in  r2sTcnse t o  the COZ-rich aknosphore, 

whereas t i d a l  volm-e i n c r c a s d  by one-third, accounting f o r  most of t he  

increase  seen i n  t ~ s p i r a t o r y  minute vo lme .  This is  cons i s t en t  wi th  

r e s u l t s  of other i nves t iga to r s  f o r  t h i s  level of C02.13 

t he  d n i l y  averages f o r  t i d a l  volmc m d  respiratory rate f o r  all eight: 

sub jec t s .  The increase i n  rate during exposures t o  carbon dioxide was 

s i g n i f i c a n t  a t  the .01 l cvol .  The coiicurrant increase i n  tidal volume 

was l ikewise s i g n i f i c a n t  . 

Figure 3 shows 

It can be Been i n  Figure 4 that avcrazc dai ly  a l v e o l a r  v e n t i l a t i o n  

increased upon add i t ion  of C02 t o  the atmosphere a t  700 nun €Ig and a t  200 

nnn Hg. 

However, average nlveokir  v e n t i l a t i o n  at 203 im Hg continued t o  rim 

throughout t h e  four days, s t a t i s t i c a l l y  of border l ine  s ign i f i cance ,  This  

upvard t rend  is not  r e f l e c t e d  i n  a correspmding drop in a l v e o l a r  PCO2, 

and day-to-day f luc tua t ions  of t h i s  measureneat i n  any given sub jec t  were 

cons iderable ,  

clear and may be a random va r i a t ion .  

The changes hero p a r a l l e l  changes i n  in sp i r a to ry  minute v01m.c. 

Thus the s lgni f icance  of t h i s  upmird t r end  i s  not immediately 

In Figure 4, the d a i l y  vital capacity averages are also presented. 

Though v i t a l  capac i ty  was apparently uninfluenced by carbon dioxide exposure, 
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a decrcace cccurrd in a l l  elzhr cuLjcc ts  durin;  the exposure t c ;  rcr5zccd 

prcocure. The avcrzi2e decrezse for a l l  ei;;ht s c b j c c t s  for the eis!:.t-day 

pcriod coqa red  t o  the  ci,ht days in thc 7110 v i  1% atmosphere tjas 10 pcrcent. 

In Figure 5 ,  d a i l y  averages of oxygcn consay t ion  and carbon diaxida  

Frm the graphs t h r e  is a ~ u g g e s t i v e ,  grxla31 product ion arc presented. 

dounw~rd t rend  tllrouz=hout the es?crk r?n t ,  ~o ; s I ' J ly  dze t o  progressively 

more bass1 coriditiozis. 

lorrci- durin;; t 1 ~  cxpocilre to the COZ-rich atixxL;'f12rc3 t k n  d a i n z  t h ~  

€our-dcy coatrol  pnr loLs .  

vere not l m ~ r  th-n the suLs rqumt  rxsszrcxxi~s t&an i n  the recovery tnd 

post-c::?crizzntal ~ 5 x 2 s .  

para l l e l ed  those of O X : J S C ~  consmption,  ths Erze te r  day-to-day variatims 

precludc any conclusions of s ign i f i can t  c k m y s  dirring the carbon dioxide 

exposure periods. 

02~7gcn consrt2ptioa :xis fo-md t o  be s i g n i f i c a n t l y  

Ib-lever, tho53 V S ~ C S  fo r  t h e  C02-rich aLLiL33pkcrcs 

L.ltEw;;h vzlws  f o r  c;lr-bon dioxide pro&,ictlo;r 

Fizure 4 s1;0*73 dcad space c a l c s l l t i o n s  on s u 5 j c c t s  i n  the CO2-los7 

and COZ-rich atmospbsres. Along trith sm:e L i ~ h  and spuriously very high 

valws o l t a h c d  during s o ~ r  days in t 5 e  ckx ix r ,  thcrc is a large nwilar 

of nomnl Geteminations durinz czch phzse of thc cxper i ren t .  

eight subjecte conci2crcd as a &roupr t hc rc  is  a Eu;Zesti-.e trend t o  sli;lit 

expansion of t h e  dead sprrce durinz exposure to carbai d i m i d e .  

For the 

In Table V the daily averaee a lveolar  P Q ~  vzlues are presented caly 

to inzicstte t ha t  at no ti-r;ic d id  alveolar Pg., d i f f e r  grea t ly  froa nsmal. 

The changes i n  thcmsleves are not s i g n i f i c m t  tcf: only r e f l e c t  the chmLes 

in atmospheric Po 

- 

HjpGxia was not a fcctor i n  t h i s  experhent .  2' 
Blood PU. The suumry of the  pH data f o r  ver~oirs blood, recslcukted 

t o  8 P of 40 m E$ in each case, is presented i n  Figure 7. 

means of blood pH ta!:en during the exposure t o  the C02-rich at~,ospl izrcs  

The four-day co2 
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DISCUSSIOS 

Of thn nuiierous effects which the CG2-rizh ct:as%hare m y  b ~ v c  upon 
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of hyp2rcapnia and is i tself  8 corracquence of the hypercapnia. Thc x n y  

0 t h ~ ~  conccquc~?ces such i ? ~  tissuz and b l ~ s d  c c i d n s i s ,  incrcascd b l o d  

f low t o  tlre brxtn, and a l tc rak iona  in rcns l  clxcrctiei, t r i l l  be seccndnry 

to these two effccts. Therefore, ?re hive focused Eittention u?on Iiypcr- 

vent 1'. Lct ion 2nd hyprcapnicl i n  cvn lv..~r: iP4 tolcrarrce for carbon dioxide 

at 700 2x1 

ranze of prcscurcs. 

E ( 5  p s i )  used i n  recent  space flights, t'.: e:.Tacted clmngcs could be 

inteqolated frm our resul ts .  

(100 percent o:ryccn), ho:.-c?.i7er, a d d f t i o m l  C07 r i i l l  begin t o  add t o  the pro- 

li1e.s of hypoxia.' 

ciid 200 m ?E, Them pressures t.rere selected t o  cover a wid2 

For i n t e m e d i s t c  b , ? r ~ . ? t r l c  pressures such as 258 m 

Belori thz total pcssure of 200 ITER IT2 

- 

One nccds t o  ! ; e q  thc i ~ ~ t c b l ~  h y y r ~ ~ i ~ t i l a t i m  already present in the 

200 r.m H:, lm: C@2 c",tm~i)hzre i n  n i3d  i n  can?,-.rin.: the nerzrly identical 

increases  .in i z s ? i r a t o r y  r ? k u t e  vcntilrtion ugcn add i t ion  of C02 et each 

pressure as c23n in Tnblc 31. 

durin: the 293 zzz E;2 10v CO, Ctmos?hn,re, nonc 1:ypoventiletcd. 

ventflation at 200 m 1% TES certainly not  due t o  hypoxia oincc alveolar 

Thou211 rrot 211 su5jects h y p c r v c n t i h t e d  

Thfs hyper- 
& 

Po2 levels vcrc L I L T ~ Y S  abov:! 90 m &. 

O2 at czs level CIUSCS h:Terjent i l a t i on  and hypccagnia. 

are not coxparable to ours, since the a'lvcolm Po2 in our expcrimnt ~ 7 2 5  

essent ia l ly  n o m 1  durin:: the elzht days at 203 m T:?. 

thz t  the 200 

effort. 

be able t o  v e n t i l a t e  more thouzh no attempt r r m  mdc in the present study 

to quantitate t h i s  effect. 

It has heen reported that lG0 percent 

However, such studies 

Another factor I s  

I?$ ataosphcre, bein:: less dcnsc, dcmnds less ventilatory I 

IIence, f o r  an equivalent cncr ,y  expenditure, the individual would 

The dwll d i f f e rences  i n  hzndlinz 02 C02 i n  the lor? pressure atcosphzrc 
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are  only sq,;cstivz, na.-.ly, a 61F~k t l y  lesser cicLrce of hypercapnia a t  

the cx2cn-e of a ,:rcztcr degrcc of I i y ~ e m c ~ t i l a t i o n .  

presented hzre dc.7onstratc that tolerance fcr C02 i n  the l o w  prmoure 

at :osphcre i s  s u b s t a n t i a l l y  the s a x  as for c p l v a l c n t  levels o€ PCOZr 

sntureted with E29, 37% a t  028 Level. 

The experimental  data 

The ability 02 individ:milo to subjectively detect: th i s  amount of 

car5on dioxide ~rc?o c o t  alTrays relln3le, eepzcial ly  after prolonged 

exposure. 

noricc&le after the first t:;o days, o r  h C 2  sub jec t s  were active and 

their 1xlnd6 dictractccl ~ : 1  th other  n-tLcrs. 

t k n  rate G!IOT:CC? t:-s g-rc?.",a;t cEz-n:c. 

the chm-hcr, only cnr! e;~'L;fcct ~?!cvclopcd a kc-dzche a t  700 mm €Ep h x c a s  

f i v e  subjec ts  dfiv11Lc~zd Iir-dz:cl:cs at 200 m I-::, in of i n t e r e s t .  If the 

headaches were duc ili) f;y?crcrpnia, one ~wul ,d  hzve expected from the 

alvcolar l?co cti1ilFc8 tkt  i m z ~  h~ackcilcs ::ou?d occur in t h c  700 m a  

ataosphcre. 

firn ccncluclcns i n  t X s  cslnll series. Xoteover, urneasured peaks of 

alveolar PC 

for thz  headaches. 

Uypcrventilritlon, which IJCS their n o s t  s e n s i t i v e  c lue ,  was less 

Da?t!i of respirclt ion rather  

The fact  t k t  when COz was addcd t o  

2 

TIx2 wtr idJ le ,  un~mxiictil5Ic raturc of t h i s  symptoin precludes 

111y hive cccurrcd throu;;l?out t h  day which could account 32 

AsiGo fron the imd ia t e  reopi ra tory  resporzse t o  the elevated atmos- 

pher ic  CO2, there 13 no evidence i n  thcsc respiratory s tudies  of a gradual 

eccomodatio=r t o  COz. 

the su5 jec t s  in the t h i r d  and fou r th  days of cicpocurc to the C02-rich 

atmospheres, icspiratory minute volume d i d  not d i n i n i s h  nor d i d  alveolar 

PcoZ increase. 

sat ions of s u f f i c i e n t  magnitude taken place. 

have been long cnouzh for acc l imat iza t ion  t o  be C C S C T ~ ~ ~ Q .  

Thou$ hypcrve i t i l r t io r r  bccaze less not iceable  t o  

O x  might have expccted such ch3n:cs b d  nctslbolic cmpcn- 

Ilomver, four days may not 

13 
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D;va cf P.s.s: slcimant 
1 thru 4 5 thrv 8 9 t h . n  12 13 thru 16 17 thru 20 

p02 (aaturoted 
37OC) 

X, Relativle 
Humidity 

2.5 z.6 21.3 ?.9 

149.5f3.7 155.1 23.4 

04 80 

Tenperetare (%) 24.8 24.2 

200 

+ 2.5- .? 

142.1 23.6 

2.e2.3 

43 

22.5 

200 

20.9?1.0 

127.0 ?3.1 

+ 2.7 - 1 . 4  

47 

22.2 

Averages of readings +,&ea every 15 mhu2eo. Standard deviations follow the 
average readings I 



fncrzzsc Lue to 
reduced pressure 

l i ters  

Pcrccnt incrcasc due 
to r c d ~ c c t i  prcccure 

G .32* 
J: 

6.21 

0.49 

.E: 3.33 

19.53 

0.60 

a G 

3.51 

3.72 

57 

55 

* Rcprcscnts l i t c rs /n inutc ,  BTPS, znd is the avcraze of eight subjects  over 
four dxys. 
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TA3L3 iV. T I D A L  VOLUlE:, !XI) KSPIFLTZ0Z'Y ? W E  

Lcnt CO? UiSh CO2 Increment X Increase 

Tidal Vo1u;rc 3t 700 !Ig .791 1.05s .?67 l i ters 34% 

Tidal Volme a t  200 sm 1 5 ~  ,737 .S36 .259 l i t e rs  35% 

Respi ra tory  rate a t  700 m IIg 9 . 3  10.6 1.3 14% 

Respiratory rate a t  200 m € 1 ~  10.2 11.1 .9 9% 

T1.x above f i g u r c s  arc avcrqcs  of  eight: s u b j e c t s  over ench four-day 
period.  Tidal. vo::r.:a is cxpzesscd in Ittcrs, B Y E .  Respiratory rate 
is c ipPCssod i n  cyc les  per L?inutc. 



700 s m  Hn, 99.0 99.0 135.2 35.5  128.2 123.4 126.8 124.3 

233 r.2n 11:: 110.4 208.G 1935.8 107.7 104.l. 103.1 105.3 LO5.0 



m a n  P,02 34.3 114 .O 

A-a gradien t  9.3  9.0 

1C8.4 

98.0 

10.4 

104.6 

100.4 

4.2 

Sm.ples were taken after four days exposure to c x I r  0: the above atmospheres. 
Each f l p r c  reprecents thz averages of 6 to 7 suSQects. 

E::perhcnts 62-6 and 63-1 
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FIG. 6 . Dead space mcarurmtnts  taken in COz-[ow and CO,-rich art i f ic icct  a l m o s p h c t - e s .  
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Figure 7.  Blood pH. Daily-averages of e i g h t  sub jec t s .  The v e r t i c a l  bars  
represent  one s tandard deviat ion e i t h e r  s i d e  of t h e  mean. 


